Eastern equine encephalitis virus (EEEV) is an Alphavirus that is endemic in the Southeastern United States. From 1993 to January 2005, the Veterinary Diagnostic and Investigational Laboratory in Tifton, Georgia, performed postmortem examinations on over 101 domestic canines exhibiting clinical neurological disturbances. In 12 of these dogs, brains were histologically suggestive of infection with EEEV. All dogs were less than 6 months of age, with no breed predilection. Clinical signs included pyrexia, depression, nystagmus, and lateral recumbency. Microscopically, brains from all 12 puppies contained infiltrates of lymphocytes, plasma cells, and histiocytes, with occasional neutrophils and random foci of astrocytosis and gliosis. There were mild to moderate perivascular infiltrates of neutrophils along with scattered lymphocytes, plasma cells, and macrophages in the meninges. Viruses isolated from brain homogenates of all 12 puppies were confirmed by indirect fluorescent antibody testing to be EEEV. Additionally, RNA extracted from the brains and viral cultures of 2 dogs were determined by a specific reverse-transcriptase polymerase chain reaction (RT-PCR) to contain EEEV. The single available serum sample exhibited a 1 : 8 serum neutralization titer to EEEV.
The etiologic agent of eastern equine encephalitis (EEE) is eastern equine encephalitis virus (EEEV), which is a member of the genus Alphavirus in the family Togaviridae and has been identified as a source of epizootics in domestic and wild animals since the 19th century. 16 The first disease outbreaks suspected to be EEE were reported in 1847, both in the eastern United States and in Texas and Michigan. Mosquitoes are often the vectors for EEEV, and these epizootics were usually concentrated around low-lying swampy areas. 7, 8, 16 In addition to transmission by mosquitoes, direct contact with contaminated blood, feces, and vomitus, chicken mites, semen, or assassin bugs can be a source of infection. 5, 10, 13 Clinical signs vary depending on species. Horses display pyrexia along with ataxia, head pressing, stupor, and depression. Mortality rates in horses may approach 90-100%. 8 Clinical signs in pigs, cattle, and goats are similar, with the addition of paddling and convulsions. 8, 18 In humans, there is an abrupt onset of high fever, lethargy, vomiting, convulsions, malaise, and myalgia. 8, 19 The mortality rate is 50-75% in infected humans, and survivors may have neurological complications. 19 There have been anecdotal reports that suggest dogs are susceptible to EEEV, but there is little published information. During the last 12 years, the Tifton Veterinary Diagnostic and Investigational Laboratory in Tifton, Georgia (VDIL), has received over 101 cases of domestic dogs from the south Georgia area with neurological signs. Herein, we describe 12 of these cases that were diagnosed with EEEV infection.
All dogs were young (10 days to 6 months). Clinically, puppies were pyrexic (Ͼ40ЊC), anorexic, and exhibited diarrhea. These clinical signs rapidly (within 24-36 hours) progressed to include recumbency, nystagmus, depression, and seizures. All dogs died or were euthanized. There was no breed predilection, but affected puppies included bulldogs, Dalmatians, Walker hounds, Labrador Retrievers, an Australian cattle dog (Blue Heeler), and Boxers. All puppies were maintained outdoors. All but 1 case occurred in late spring or summer.
Submissions consisted of either whole cadavers (10) for necropsy or both fresh and fixed tissue specimens (2) . Fresh tissues (brain and other organs if available) were cultured for viruses. Some tissues were collected in 10% neutral buffered formalin, processed, and embedded in paraffin. Four- Figure 1 . Perivascular cuffs of lymphocytes, plasma cells, and a few histiocytes and neutrophils (inset) were seen in puppies infected with equine encephalitis virus. These infiltrates were randomly distributed but predominated in the gray matter of the cerebral cortex and midbrain.
micrometer-thick sections were stained with hematoxylin and eosin for light microscopy. Gross changes were only observed in 2, 10-day-old Labrador Retriever puppies and consisted of meningeal congestion. Histologically, brains from all animals had similar findings. Meningitis consisting of primarily neutrophils was noted in all animals except 1. Mild-to-moderate multifocal-to-diffuse gliosis associated with neuronal necrosis and neuronophagia was observed for all animals. Multifocal hemorrhages were common in several cases. Additionally, Virchow-Robin spaces were expanded by cuffs of lymphocytes and plasma cells, admixed with fewer histiocytes and neutrophils ( Fig. 1 ). Although randomly distributed, the inflammatory infiltrates were predominantly in the gray matter of both the cerebral cortices and midbrains, but with no obvious predilection for a particular lobe. The cerebellum displayed mild cuffing, primarily in the molecular layers, and this cuffing occasionally was accompanied by microglial nodules.
Virus isolation was performed on brain homogenates as previously described. 6 All cases were tested by immunofluorescence assay (IFA) for EEEV, western equine encephalitis virus (WEEV), and canine distemper virus (CDV), several were tested for LaCrosse encephalitis virus (LaCrosse) and St. Louis encephalitis virus (St. Louis), and after 1999, all cases were also tested for West Nile virus (WNV). All virus isolations exhibited typical EEEV cytopathic effect (CPE) between days 4 and 9 postinoculation (PI), as evidenced by shriveled cells with elongated cytoplasmic edges. All cell culture IFAs were positive for EEEV antigen and negative for the other tested viral antigens.
Only 1 case included a serum sample for testing. Serum neutralization (SN) tests for antibodies to EEEV and WEEV were performed as previously described. 6 This same sample was also tested for CDV, LaCrosse, St. Louis, and WNV. The test for antibodies to EEEV resulted in a 1 : 8 SN titer. Serum neutralization tests for antibodies to WEEV, CDV, St. Louis, and WNV viruses were all negative.
The reverse-transcription polymerase chain reaction (RT-PCR) was performed on the virus isolation homogenate and fresh brain tissue of 2 cases. Viral RNA was extracted using a kit a per manufacturer's directions. The RT-PCR was similar to that previously described. 15 RNA extracted from the brain tissues and virus isolation cultures of the 2 tested puppies produced the 262-basepair fragment specific for EEEV ( Fig  2) .
There are numerous possible etiologies for neurological disturbances in dogs, including, viral, bacterial, toxic, and genetic causes. This study demonstrates that young dogs are susceptible to EEEV and exhibit a meningoencephalitis. Eastern equine encephalitis virus (EEEV) infection cannot be definitively diagnosed by microscopic examination alone. Consequently, a diagnosis is based on a positive viral isolation coupled with the histological findings of viral encephalitis.
The histopathological diagnosis of viral encephalitis in a dog is often nonspecific and may indicate an infection with viruses such as La Crosse, CDV, WNV, rabies, or tick-borne encephalitis (TBE), although in some viral infections, there are histological changes that aid in limiting the list of differentials. Although the findings in this case study were sim- ilar to those seen with WNV and TBE, the presence of neutrophils in the perivascular cuffs supported a diagnosis of an EEEV infection. All viral isolates recovered from isolation techniques were identified by specific IFA techniques and the 2 most recent cases were further verified by RT-PCR.
EEEV is endemic in the southeastern United States, and recently, WNV has become a focus of attention. Therefore, over 11,000 serology samples were received by our laboratory for encephalitis testing from 1993 to the present. Equine samples comprise most of these submissions; however, many different species have been tested. At our laboratory, serum specimens from horses diagnosed with EEE infrequently exhibit any IgM or IgG antibody titers. This is likely because most die within 3-5 days, before an immune response can be generated.
Over 101 canine serum samples have been submitted to our laboratory for encephalitis testing (EEEV, WNV, WEEV). All canine samples to date have had negative titers to these viruses, except for the 1 case described in this article that was positive for EEEV. To the authors' knowledge, no extensive serological studies on canines with EEEV infection have been performed; however there are published serological studies demonstrating that dogs can produce antibody titers to Venezuelan equine encephalitis, La Crosse, WNV, CDV, Murray Valley encephalitis virus, and TBE. [1] [2] [3] [4] 9, 11, 12, 14, 17, 20, 22, 24, 25 Based on documented laboratory results and published reports on the immune response to EEEV, horses require 5-7 days PI to produce detectable EEEV titers. 21 Pigs and humans require at least 5 days PI and emus 7 days. 6, 19, 23 Extrapolating from this data, it may be postulated that dogs may require at least 5-9 days for a quantifiable amount of IgG to be detected and that the puppy with the serology antibody titer and positive ancillary tests likely harbored the virus for the period of time required for production of IgG antibodies to occur before succumbing to the disease.
This retrospective study supports the theory that dogs, mainly young puppies, are susceptible to EEEV. Therefore, EEEV infection should be added to the list of differential diagnoses of neurologic diseases of young dogs.
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